The Amazonian floodplains harbor highly diverse wetland forests, with angiosperms adapted to survive extreme floods and droughts. About 14% of the Amazon Basin is covered by floodplains, which are fundamental to river productivity, biogeochemical cycling and trophic flow, and have been subject to human occupation since Pre-Colombian times. The botanical knowledge about these forests is still incomplete, and current forest degradation rates are much higher than the rate of new botanical surveys. Herein we report the results of three years of botanical surveys in floodplain forests of the Central Amazon. This checklist contains 432 tree species comprising 193 genera and 57 families. The most represented families are Fabaceae, Myrtaceae, Lauraceae, Sapotaceae, Annonaceae, and Moraceae representing 53% of the identified species. This checklist also documents the occurrence of approximately 236 species that have been rarely recorded as occurring in white-water floodplain forests.
INtroductIoN
The floodplains of major Amazonian rivers cover about 400,000 km 2 , and várzea (white-water floodplain) forests are the most prevalent floodplain habitat in the Amazon Basin (Melack and Hess 2011; Junk et al. 2011) . Várzea forests have fewer plant species than the better-known upland Amazonian forests, but are still the most diverse floodable forests in the world (Wittmann et al. 2006) . Still, only about 200 plots (ter Steege et al. 2013) , comprising 90 ha of várzea forests, have been inventoried to date (Wittmann et al. 2011) . From these inventories, about 100 to 200 thousand trees have been tagged, measured and identified, resulting in the identification of approximately 1000 tree species (Wittmann et al. 2006; Wittmann et al. 2011) . Although most of these species are shared with upland environments (Wittmann et al. 2013) , there are noticeable differences between upland and várzea populations, arising from the morphological, physiological and ecological adaptations needed to survive flood-prone environments (Parolin et al. 2004) .
The annual flood pulse of major Amazonian rivers imposes a strong seasonality to the floodplain (Junk et al. 1989) , and várzea forests remain flooded for up to half of the year (Ferreira-Ferreira et al. 2014) . From at least 10 million years BP to the present (Latrubesse and Franzinelli 2002) , the flood pulse has provided, in synergy with fluvial processes (Salo et al. 1986; Kalliola et al. 1991; Ward et al. 2002) , the dynamic characteristic of the floodplain landscape, contributing to environmental heterogeneity among localities (Irion and Kalliola 2010) . The result is a complex mosaic of herbaceous-dominated vegetation (i.e., wet grasslands), shrub/tree-dominated vegetation (i.e., chavascal) and dense forests (FerreiraFerreira et al. 2014) , with trees up to 45 m high and a large variety of life forms.
Herein we provide a checklist of tree species occurring at three várzea landscapes of the Central Amazon, and compare this list with the two most complete lists available for várzea forests in the literature (Albernaz et al. 2012; Wittmann et al. 2013) , emphasizing the knowledge gaps in species occurrence and distribution for this environment. Luize et al. | Plant species of várzea forests in the Central Amazon measured at the Jatuarana hydrological station, about 150 km upstream of the Madeira confluence, and is influenced by both the Amazonas and the Madeira River hydrological regimes. Flood amplitudes are close to 10 m between high and low water seasons ( Figure 2D ), and the timing of the hydrological stages are similar to those measured at Codajás, Beruri and Manaus river hydrological stations.
data collection
We made all botanical collections in floodplain forests, following two separate methods: opportunistic surveys and traditional forest inventories. The two methods had different collection efforts in each landscape, so we standardized effort in terms of voucher specimens produced (number of exsiccates). The Lower Purus River was the landscape with the highest collection effort (1,123 exsiccates), 1.5 times higher than the Badajós landscape (777 exsiccates), and three times higher than the Madeira landscape (378 exsiccates).
We made opportunistic surveys on various fieldwork expeditions, differing in the number of days and timing of the surveys in each landscape. These surveys were carried out prior to the forest plot inventories establishment to provide a baseline for landscape and species recognition. Given that most species are flowering and fruiting during the high and receding water seasons, we carried out all opportunistic surveys in this period, strictly collecting species with fertile structures for which we had no previous collections. Forest inventories were then made in all three landscapes, comprising 15.8 ha distributed in 43 plots of 150 × 25 m (0.375 ha); 11 plots in the Badajós landscape, 20 plots in the Lower Purus River, and 12 plots in the Madeira landscape (see Figure 1 for plot distribution). We placed plots in different forest patches to account for local vegetation variability and to obtain a comprehensive representation of the flooding gradient among sample plots (for a more detailed description of sampling design see Luize et al. 2015) . We recorded the geographical coordinates and flooding status of each collected specimen, and provided this information in their respective voucher labels.
We identified plants to the species level by (1) using field guides (Ribeiro et al. 1999; Wittmann et al. 2010) , (2) comparing with vouchers from the INPA (Instituto Nacional de Pesquisas da Amazônia) herbarium and from digital databases of the Missouri Botanical Garden (Tropicos 2014) and New York Botanical Garden (NYBG We deposited all voucher species at the INPA or EAFM (Instituto Federal de Educação, Ciência e Tecnologia do Amazonas) herbaria; vouchers from opportunistic surveys with fertile structures were deposited mainly at INPA, while vouchers collected in the inventory plots, most of them without fertile structures, were deposited at the EAFM herbarium. The present checklist follows the APG-III classification. We cross-checked all species names with the Missouri Botanical Garden (Tropicos 2014 ), New York Botanical Garden (NYBG 2014 , and The Plant List (The Plant List 2013) databases, maintaining accepted names and excluding synonyms from the final list.
rESuLtS
A total of 2,478 voucher specimens were collected, of which 222 could not be identified at the species level and were excluded from this checklist. The 2,256 voucher specimens identified comprised 19 orders, 57 families, 193 genera and 432 species (Table 1) . Families with the largest representation were (percent of voucher specimens identified): Fabaceae (15%); Myrtaceae (10%); Lauraceae (8%); Annonaceae (6%); Sapotaceae (6%); and Chrysobalanaceae (5%), which together represent 86% of all identified voucher specimens. Regarding the number of species in each family, Fabaceae (73 spp.); Myrtaceae (39 spp.); Lauraceae (33 spp.); Sapotaceae (23 spp.); Annonaceae (22 spp.); Moraceae (22 spp.); and Rubiaceae (20 spp.) comprised 53% (232 species) of the 432 species identified.
We found 159, 53 and 31 species occurring exclusively at the Lower Purus, Badájos, and Madeira landscapes, respectively. Lower Purus and Badájos shared 150 species; Lower Purus and Madeira shared 72 species; Badájos and Madeira shared 48 species; and all three landscapes shared only 40 species. In terms of frequency of collection, 33% of the species were collected only once, 17% were collected twice, and 50% were collected three or more times. Oxandra riedeliana R.E. Fr. was the species with the largest number of voucher specimens collected (59 vouchers).
dIScuSSIoN
We have produced a comprehensive checklist of trees occurring in white-water várzea floodplain forests of the Central Amazon. This checklist increases our knowledge of flood-tolerant species that can live in these seasonal forests, but we still have large knowledge gaps for tree species occurring in Amazonian forests. As an example, approximately one third of the species collected in our study is likely to be represented by fewer than five voucher specimens deposited in herbarium collections (Hopkins 2007; Feeley 2015) . This scarcity of records limits species distribution modeling, which could help understand the present and future distributions of these species according to changes in land use and regional climate. As an example, 33% of the species listed by us have been recorded only once, preventing an analysis of their ecological preferences or geographical distribution. We collected 10 species classified as endemic to whitewater floodplain forests, according to the classification by Wittmann et al. (2013) .
Despite the increasing availability of worldwide biodiversity data, there are still many regional "data voids" where species and habitats remain poorly represented in herbarium collections (Feeley 2015) . Furthermore, most botanical collections lack fertile structure records, making it difficult for specialists to confirm taxonomical identification. During the effort to generate the present checklist we collected the holotypus
Luize (Sobral et al. 2015) . We also collected a Glandonia species with uncertain identification, currently under examination by expert authorities (I. Reis, personal communication). It is therefore fundamental that Amazonian researchers focus on the collection of reproductive voucher specimens, to increase the number of records in reference botanical database and facilitate botanical identification of angiosperms. It is also necessary that herbarium collections send duplicates of deposited voucher specimens to specialists in each genus and family, to guarantee that species identification is accurate and updated.
The two most recent and comprehensive lists of várzea tree species for the Amazon were reported by Albernaz et al. (2012) , listing 542 taxa (species and morphospecies), and by Wittmann et al. (2013) , listing 658 species. The present checklist adds 236 species to these previous lists which have probably been rarely sampled in várzea forests elsewhere. In comparison to the list by Albernaz et al. (2012) , 101 species are common to both lists, while the present checklist adds 331 species. In regard to the study by Wittmann et al. (2013) , 170 species are common to both lists, 488 were present only in Wittmann et al. (2013) , and 262 species are added by the present list. These differences are not limitations of the previous studies, given the methodological differences. Wittmann et al. (2013) listed only species that have occurred in at least two distinct floristic inventories performed by at least two distinct authors, thereby excluding less sampled species. Albernaz et al. (2012) sampled especially high várzea forests along the Solimões-Amazonas River during the Pró-Várzea Project.
Methodological differences may also explain why botanical families previously reported by Wittmann et al. (2011) , as the most important for várzea forests do not match the most represented families in the present Luize et al. | Plant species of várzea forests in the Central Amazon checklist (e.g., Myrtaceae, Lauraceae and Annonaceae). For the present work, we heavily focused our collection effort on taxonomic groups that are highly diversified and relatively hard to recognize and identify during fieldwork (e.g., Fabaceae, Myrtaceae and Sapotaceae). Many of the most representative families in várzea forests have species that are easily recognized in the field and/or have few species per genus (e.g., Malvaceae, Euphorbiaceae and Salicaceae). Although we have observed these species during inventories , we did not make vouchers for many of them, preventing their inclusion in the present work. Even so, our checklist still confirms the occurrence of approximately 236 tree species that have not been reported by the major várzea species lists currently available in the literature, suggesting that these species are still poorly sampled. Although the present study only reports voucher species, we recommend that researchers make an effort to regularly collect and georeference the records of all species, including common and easily recognizable species, as these observations are paramount to support species distribution modeling and improve our understanding of the relationship between species occurrence and environmental conditions. Improving our knowledge about the várzea flora is the first necessary step to formalize management strategies for the sustainable use of these wetland forests, while preserving the functioning of the Amazonian ecosystem.
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